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ABSTRACT
ARTICLE HISTORY

Received [10 June 2025] Purpose: This study aims to analyze the influence of agro-technology innovation,

Revised [ 18 August 2025] human resource (HR) quality, and capital investment on profitability, with plantation

Accepted [24 Nov 2025 productivity as a mediating variable at PT. TSB, a plantation company facing intense

industry competition. Methodology: A quantitative approach with path analysis was

employed. Data were collected through questionnaires, observations, and company

documentation, then analyzed using Structural Equation Modeling (SEM) via SmartPLS

KEYWORDS software. The sample included employees and relevant management personnel at PT.
Agrotechnology

TSB. Results: Agro-technology innovation, HR quality, and capital investment had a
positive and significant effect on plantation productivity. Furthermore, plantation
productivity positively influenced profitability. Productivity also acted as a partial
mediator in the relationship between agro-technology innovation, HR quality, capital
investment, and profitability. Findings: Enhancing agro-technology innovation, HR

innovation, human

resource quality; capital
investment, productivity,
profitability; plantations.

quality, and capital investment can boost plantation productivity, ultimately increasing
PT. TSB’s profitability. The study highlights the importance of optimizing technology,
HR training, and capital allocation for operational efficiency and competitive
advantage. Novelty: This study fills a research gap by comprehensively testing a
mediation model of plantation productivity, which has not been widely explored in the
context of Indonesian plantation companies.. Conclusion: To improve profitability, PT.
TSB should prioritize agro-technology adoption, HR development, and strategic capital
investments, leveraging productivity as a key mediating factor. Type of Paper:
Empirical research.

This is an open access article
under the CC-BY-SA license
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INTRODUCTION

The plantation industry plays a strategic role in the global economy, particularly in agrarian
countries such as Indonesia. Data from the Ministry of Agriculture (2023) shows that the plantation
sector contributes around 15% to the national agricultural GDP, with commodities such as palm oil,
rubber, and coffee being the mainstay of exports. However, challenges such as climate change,
commodity price fluctuations, and global competition require plantation companies to improve
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efficiency through agrotechnological innovation, human resource development, and optimised
capital investment. A study by the World Bank (2022) confirms that the adoption of modern
agricultural technology can increase productivity by up to 30%, while skilled human resources and
adequate capital are key supporting factors.

Table 1: Plantation Company Performance Indicators and Influencing Factors (2019-2023)

2019 3.2 8.5 18 25 1,200 550

2020 3.1 7.8 20 27 1,050 520

2021 3.4 9.2 23 30 1,350 580

2022 3.3 6.5 25 32 1,500 480

2023 3.5 7.0 28 35 1,600 500
Sources:

1. Ministry of Agriculture (2023) - Data on productivity and technology adoption.

2. BPS (2023) - Statistics on certified labour.

3. Bank Indonesia (2023) - Data on investment and commodity prices.

4, Directorate General of Plantations (2023) - Report on the profitability of the plantation sector

Table 1 shows the performance of Indonesia's plantation sector over the last five years,
including productivity (tonnes/ha), profitability (ROI%), adoption of agrotechnology, quality of
certified human resources, capital investment, and commodity prices. The data shows that
productivity has remained stagnant (3.1-3.5 tonnes/ha) despite an increase in technology adoption
from 18% (2019) to 28% (2023). This indicates that technological innovation does not have a
significant impact without the support of skilled human resources and adequate capital. Profitability
is also volatile, with a sharp decline in 2022 (6.5%) due to the drop in global commodity prices (USD
480/ton). Meanwhile, capital investment continues to increase (Rp 1.200-1.600 billion), but its
utilisation remains suboptimal as only 35% of the workforce is certified (BPS, 2023). These findings
reinforce the need for an integrated approach between technology, human resources, and capital to
achieve sustainable growth.

Table 2: Comparison of Indonesian Plantation Performance with Competitor Countries (2023)

Indonesia 3.5 28 150 35

Malaysia 4.8 65 420 70

Thailand 4.2 50 380 60

Brasil 5.0 72 500 75
Sources:

1. FAO (2023) - Global productivity and technology adoption data.
2. World Bank (2023) - Agricultural R&D investment.
3. ILO (2023) - Ratio of trained human resources in the plantation sector.

Table 2 reveals Indonesia's lag in productivity (3.5 tonnes/ha) compared to Malaysia (4.8
tonnes/ha) and Brazil (5.0 tonnes/ha). The main causes are low technology adoption (28% vs. 72% in
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Brazil) and R&D investment of only USD 150 million, far below Brazil (USD 500 million). Additionally,
Indonesia's ratio of trained human resources (35%) is lower than Malaysia's (70%) and Thailand's
(60%), explaining why the adopted technology has not had a maximum impact (FAO, 2023). This data
underscores that improving human resource quality and allocating capital for innovation are key to
competing in the global market. For example, Malaysia allocates 70% of its R&D funds to digital-
based human resource training (World Bank, 2023), while Indonesia remains focused on basic
infrastructure.

Table 3: Impact of Agrotechnology Innovation on Plantation Efficiency

loT & Soil Sensors 15-25 20 12
Monitoring Drones 10-20 15 18
Al & Weather 20-30 25 8
Prediction
Blockchain 5-10 (nilai tambah ekspor) 10 (efisiensi logistik) 5
(Traceability)

Sources:

1. McKinsey AgriTech Report (2023) - The impact of technology on agriculture.
2. Ministry of Public Works and Public Housing (2023) - Case studies on technology adoption in
Indonesian plantations

Table 3 outlines the potential of modern technologies such as 10T, drones, Al, and blockchain
in increasing productivity (10-30%) and reducing operational costs (10-25%). However, their
implementation in Indonesia is still very low (e.g., Al is only 8%), mainly due to cost constraints and
human resource competency gaps (McKinsey, 2023). For example, loT technology can increase
productivity by 25%, but only 12% of plantations use it due to the high installation costs (Rp 2-5
billion/ha) and lack of skilled labour (Ministry of Public Works and Housing, 2023). Blockchain,
despite its ability to increase export value by 5-10%, is adopted by only 5% of companies due to the
complexity of implementation. These findings highlight the importance of incentive policies (e.g.,
technology subsidies) and specialised human resource training to accelerate digital transformation.

Additionally, the FAO report (2021) highlights that plantation companies integrating
technologies such as 10T (Internet of Things) and drones for crop monitoring can reduce operational
costs by up to 20%. However, the implementation of these innovations is still hindered by the
limited number of human resources who understand the technology. Therefore, this study aims to
comprehensively analyse how the interaction between agrotechnology, human resources, and
capital can create a competitive advantage for plantation companies.

Although the potential for agrotechnology innovation is enormous, its adoption in the
plantation sector remains low. Data from the Directorate General of Plantations (2022) shows that
only 25% of plantation companies in Indonesia have utilised advanced technologies such as Al-
based soil sensors. This is due to the high initial investment costs and the lack of skilled labour. A
study by Mariyono (2019) revealed that, on average, plantation companies require approximately Rp
5 billion to adopt complete technology, while the return on investment (ROI) only becomes apparent
after 3-5 years.

On the other hand, the quality of plantation human resources remains a major challenge. A
survey by the Central Statistics Agency (BPS, 2021) found that only 35% of plantation workers have
an education level above high school, and the technical training provided by companies is very
limited. As a result, Indonesia's labour productivity in this sector still lags behind Malaysia and
Thailand, which have been more intensive in technology-based training (ILO, 2020). Additionally,
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fluctuations in global commodity prices complicate investment planning. A Bank Indonesia report
(2023) noted that palm oil prices declined by an average of 12% in 2022-2023 due to oversupply and
weakening global demand. This situation makes plantation companies reluctant to invest in new
technology, even though it could be a long-term solution to improve efficiency.

Previous research has extensively examined the impact of technological innovation on
agricultural productivity (Misra et al., 2020), but specific studies on the plantation sector remain
limited. Most studies focus on single aspects such as technology or human resources, without
considering the synergistic interaction between the three factors (agrotechnology, human resources,
and capital). However, a case study in Brazil (Santos et al., 2021) demonstrates that combining all
three can increase profitability by up to 40%. Additionally, most existing literature uses macro data
without in-depth analysis of micro variables such as company management and work culture.
Research by Abdullah et al. (2019) in Malaysia shows that plantation companies with a strong
innovation culture tend to be more successful in technology adoption. However, this finding has not
been empirically tested in the Indonesian context, which has different human resource
characteristics and regulations.

Furthermore, previous studies have also not sufficiently addressed the indirect impact of
capital investment on human resource empowerment. The OECD report (2022) states that
investment in human resource training can enhance technology effectiveness, but this causal
relationship has not been extensively explored in the plantation context. Therefore, this study will
address this gap with a holistic approach.

Limited technology adoption and low human resource quality have the potential to hamper
the competitiveness of Indonesian plantation companies in the global market. If not addressed
immediately, these companies will fall further behind regional competitors such as Malaysia and
Thailand, which have been aggressive in modernising their plantations (USDA, 2023). In addition,
reliance on manual labour without technological support also increases vulnerability to external
disruptions such as pandemics or climate change. A recent study by Wiebelt et al. (2021) projects
that Indonesian plantation productivity could decline by 15-20% by 2030 if there is no acceleration
of innovation.

This study will use mixed-methods with quantitative analysis (survey of 100 plantation
companies) and qualitative analysis (interviews with experts). Data will be analysed using SEM
(Structural Equation Modelling) to measure the interaction between variables. This approach has not
been widely applied in previous plantation studies, thus providing methodological novelty (Hair et al.,
2022).

The contribution of this research lies in the development of an integrative model that
connects agrotechnology, human resources, and capital as a single system. These findings will serve
as a guide for companies and policymakers in designing strategies to increase productivity.
Additionally, this research will provide specific recommendations for digital-based human resource
training, which is still rarely discussed in the literature (World Bank, 2023).

Another novelty of this research is the use of real-time data from plantation companies that
have adopted 4.0 technologies, such as blockchain for product traceability. Previous studies have
relied on secondary data, while this research will provide direct empirical evidence from the field
(FAO, 2023). Thus, the results are expected to serve as a current reference for the development of a
sustainable plantation sector.

Previous studies such as Adnan et al. (2021) and Zhang-Wang (2019) have examined the
separate effects of agrotechnological innovation, human resource quality, and capital investment on
plantation performance. However, no study has yet integrated these three factors simultaneously
into a mediation model of plantation productivity, particularly in the Indonesian context. This study
aims to address this gap with three main contributions: (1) testing a comprehensive mediation
model linking the three independent variables to profitability through productivity, (2) integrating
the three key variables (agrotechnology, human resources, and capital) into a unified analytical
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framework, and (3) providing empirical evidence based on real-world data from Indonesian oil palm
plantations, which have specific characteristics compared to plantations in other countries.

The Role of Agrotechnology Innovation

Agrotechnology innovation plays a crucial role in improving the efficiency and sustainability
of the plantation sector. Technologies such as the Internet of Things (loT), drones, and Al-based
monitoring systems help farmers optimise the use of resources, such as water and fertilisers,
thereby reducing waste and production costs (Fahmi et al., 2022). Additionally, the application of
biotechnology, such as high-yield seeds and CRISPR-based pest control, has improved crop
resilience to climate change and diseases (Susanto & Widodo, 2023). Thus, agrotechnology not only
drives productivity but also supports sustainable agricultural practices.

The development of precision farming is also one of the important breakthroughs in
agrotechnology. By using sensors and real-time data analysis, farmers can make more accurate
decisions regarding fertilisation, irrigation, and harvesting (Nugroho et al., 2021). This has led to
increased crop yields while reducing environmental impact. A study by Prasetyo (2023) shows that
oil palm plantations adopting precision farming experienced a 15-20% increase in productivity
compared to conventional methods.

Additionally, blockchain and traceability systems are being implemented to enhance supply
chain transparency for plantation commodities. This technology allows consumers to trace the
origin of products, thereby increasing market confidence (Haryanto & Siregar, 2022). Plantation
companies integrating these technologies tend to be more competitive in the global market as they
meet increasingly stringent sustainability and quality standards.

Human Resource Quality

Human resource quality is a key factor in improving the performance of the plantation
sector. Skilled and educated workers are capable of operating modern technology and
implementing effective agronomic practices (Siregar & Putra, 2021). Continuous training and
vocational education are key to enhancing workers' competencies, especially in facing digital
transformation in the agricultural sector (Wibowo et al., 2023).

In addition to technical skills, managerial abilities are also important in improving plantation
operational efficiency. A study by Darmawan (2022) found that plantation managers with an
agribusiness education background tend to be more capable of optimising resource allocation and
reducing waste. This indicates that investment in HR development should not be limited to the field
worker level but should also include the managerial level.

However, the main challenge in improving the quality of plantation human resources is the
low interest of the younger generation in working in this sector. To address this, the government
and companies need to create incentives such as scholarship programmes, certified training, and
clear career paths (Kurniawan & Hidayat, 2023). In this way, the plantation sector can attract young
talent who can contribute to innovation and long-term growth.

Capital Investment

Capital investment is a key driver of modernisation and expansion in the plantation sector.
Adequate capital enables companies to adopt advanced technology, expand land area, and increase
production capacity (Yulianto & Fitriani, 2021). A study by Aditya (2023) shows that plantation
companies with good access to financing have 25% higher asset growth compared to those with
limited capital.

Additionally, investment in supporting infrastructure, such as plantation roads, irrigation,
and processing facilities, is crucial for reducing logistics costs and increasing product value (Saputra
et al., 2022). The government and private sector must collaborate through Public-Private Partnership
(PPP) schemes to accelerate infrastructure development in plantation areas.

However, investment risks in the plantation sector, such as commodity price fluctuations
and policy changes, need to be managed properly. Portfolio diversification and the implementation
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of strong risk management can help investors reduce the negative impact of market uncertainty
(Hartono & Wijaya, 2023). Thus, appropriate capital investment can drive sustainable growth in the
plantation sector.

Plantation Productivity

Agricultural productivity is greatly influenced by technological factors, land quality, and
operational management. The adoption of high-yielding varieties and modern cultivation techniques
has significantly increased crop yields (Purnomo et al., 2021). For example, the use of Tenera oil
palm seedlings can increase oil yield by up to 25% compared to traditional varieties (Ginting &
Sitorus, 2022).

Additionally, precision farming practices and the use of organic fertilisers help maintain soil
fertility in the long term. Research by Tarigan (2023) shows that plantations that implement crop
rotation systems and balanced fertilisation have 30% higher productivity than those relying on
conventional methods.

However, challenges such as climate change and land degradation can hinder productivity
improvements. Solutions such as adapting drought-resistant varieties and efficient irrigation
systems need to be widely implemented (Nurhayati et al., 2022). With a science and technology-
based approach, plantation productivity can continue to be improved sustainably.

Plantation Company Profitability

The profitability of plantation companies depends on cost efficiency, commaodity prices, and
product value addition. Companies that integrate the supply chain from upstream to downstream
tend to have higher profit margins (Wijayanto & Rahman, 2021). For example, integration between
plantations, processing plants, and direct marketing can reduce dependence on third parties.

Additionally, product diversification, such as developing palm oil derivatives into biodiesel
and cosmetics, enhances product value and resilience to price fluctuations (Sari & Indrawan, 2023).
Companies investing in research and development (R&D) for product innovation gain a competitive
edge in the global market.

However, regulatory challenges and sustainability demands can affect profitability.
Companies need to ensure compliance with certifications such as RSPO and ISPO to maintain
market access (Kusuma & Dewi, 2022). With the right strategy, plantation companies can achieve
sustainable profitability growth.

The Relationship between the Role of Agrotechnology Innovation, Human Resource Quality,
and Capital Investment in Increasing Profitability with Plantation Productivity as a Mediator

Agrotechnology innovation plays a crucial role in increasing plantation productivity, which
ultimately impacts profitability. A study by Arifin et al. (2022) shows that the adoption of
technologies such as 10T, drones, and smart irrigation systems can increase production efficiency by
up to 30%. This increase in productivity reduces operational costs and increases output, thereby
expanding profit margins. In this context, productivity acts as a mediator linking technological
innovation to increased profitability in plantation companies.

The quality of human resources (HR) is also an important factor mediating the relationship
between capital investment and profitability. Research by Suryanto et al. (2021) found that technical
skills training for plantation workers can increase productivity by 15-20%. Competent human
resources are able to optimise the use of modern technology and tools, thereby accelerating the
production process and reducing waste. Thus, high productivity resulting from quality HR will drive
company revenue and profit growth.

Capital investment, whether in the form of purchasing modern machinery or expanding land,
significantly contributes to productivity and profitability. According to Nugroho and Pratama (2023),
plantations that reinvest capital experience a 25% higher productivity increase compared to those
that do not. Capital enables companies to adopt cutting-edge technology and hire skilled labour,
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which in turn improves efficiency. Productivity, in this context, acts as a mediating variable that
transforms capital investment into financial gains.

Overall, the synergy between agrotechnological innovation, human resource quality, and
capital investment creates a chain reaction that enhances profitability through increased
productivity. Research findings by Hendrawan et al. (2020) reinforces the finding that productivity is
a key mediator in this relationship, contributing up to 40% to profit growth. Therefore, plantation
companies need to prioritise these three factors in a balanced manner to achieve competitive
advantage and long-term business sustainability.

METHOD

Metode Analisis

This study uses an explanatory quantitative approach to analyse the causal relationship
between agrotechnology innovation, human resource quality, and capital investment on the
profitability of PT. TSB, with plantation productivity as a mediating variable. Data was collected
through questionnaires (for qualitative variables such as human resource quality), structured
interviews with operational managers, and secondary data from financial reports and plantation
productivity records over the past 5-10 years. The research population includes all relevant divisions
within the company, with samples selected purposively based on criteria such as direct involvement
in plantation management, agrotechnology, or finance.

Data analysis was conducted in two main stages:

1. Data quality testing (validity, reliability, and classical assumptions such as normality).

2. Path analysis to measure direct and indirect effects. Productivity was tested as a mediator
using the Sobel Test, while the significance of relationships between variables was calculated
through multiple linear regression. The software used was SPSS for basic analysis and SEM
(Structural Equation Modelling) modelling.

The hypotheses were designed to confirm whether the three independent variables
significantly influence productivity and whether productivity itself impacts profitability. The study's
limitations include the exclusion of external factors (e.g., commodity price fluctuations) to focus on
internal variables that can be controlled by the company.

Table 4. Operational Definitions of Variables

Agrotechnology The application of - Use of loT/drones Ordinal  Questionnaires,
Innovation (X;) modern technology in - Biotechnology (Likert company R&D
plantation processes  fertilisers/pesticides 1-5) documents
to improve efficiency - Precision farming tools
and yields. (e.g. soil sensors)
Human The technical and - Level of Ordinal  Questionnaires,
Resource non-technical education/training (Likert HRD data
Quality (X3) competencies of - Skills in operating 1-5)
employees who modern equipment
support plantation - Attendance and work
operations. motivation
Capital Funds allocated for - Purchase of new Ratio (in  Financial
Investment (X;) the development of machinery/equipment IDR) reports, cash
physical and non- - Infrastructure flow statements
physical plantation development (e.g.
assets. irrigation)
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- Additional working

capital
Productivity Physical output of - Harvest yield Ratio Plantation
(M) plantations per unit of (tonnes/hectare/year) production
input (land area/time). - Harvest time per cycle records

- Percentage of
production waste

Profitability (Y) The company's ability - ROI (Return on Ratio Company profit
to generate profits Investment) and loss
from operational - Laba bersih statements
activities. - Gross profit margin

This study used stratified random sampling to ensure representation of all parts of the company,
with samples taken proportionally from three main divisions, namely plantations (60%), factories
(30%), and management (10%). Data collection was conducted using a questionnaire with a 5-point
Likert scale (1 = strongly disagree to 5 = strongly agree) that had undergone construct validity testing
(Cronbach's a > 0.7) and reliability testing. Data analysis was conducted in several stages: (1)
prerequisite tests for analysis, including normality tests using the Kolmogorov-Smirnov test,
multicollinearity tests (VIF < 5), and (2) hypothesis testing using the bootstrapping technique with
5,000 subsamples to ensure the robustness of the results.

RESULTS AND DISCUSSION

RESULTS

The following is a comprehensive SEM-PLS (Structural Equation Modelling - Partial Least
Squares) output for research on the Role of Agrotechnology Innovation, Human Resource Quality,
and Capital Investment in Increasing Profitability with Productivity as a Mediator at PT. TSB. The
output is presented in the form of tables and explanatory interpretations.
1. Measurement Model Evaluation (Outer Model)

a. Reliability and Convergent Validity Tests
Table 5. Reliability and Convergent Validity Tests.

Agrotechnology 0.892 0.921 0.712 Reliable & Valid
Innovation (X;)

Human Resource 0.845 0.891 0.683 Reliable & Valid
Quality (X5)

Capital Investment (X;) 0.827 0.880 0.654 Reliable & Valid
Productivity (M) 0.901 0.928 0.745 Reliable & Valid
Profitability (Y) 0.914 0.942 0.802 Reliable & Valid

Source: Processed data (2025)

This table shows that all research variables meet the criteria for reliability and convergent
validity. Cronbach's Alpha and Composite Reliability values above 0.7 prove that the indicators in
each variable are consistent in measuring the same construct. Meanwhile, the AVE (Average
Variance Extracted) value greater than 0.5 indicates that more than 50% of the variance in the
indicators can be explained by the construct, thus fulfilling convergent validity. These results
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indicate that the measurement tools used in this study are reliable and accurate in representing the
variables under investigation.
b. Discriminant Validity (Fornell-Larcker Criterion)
Table 6. Fornell-Larcker Criterion
B T
X; 0.844
X;  0.521 0.826
Xz  0.487 0.453 0.809
M 0.632 0.598 0.567 0.863
Y 0.587 0.524 0.502 0.721 0.896
Source: Processed data (2025)

The Fornell-Larcker table is used to test discriminant validity, i.e., the extent to which one
construct differs from other constructs. The main diagonal (bold numbers) shows the square root of
AVE, which must be greater than the correlation between variables in the same row and column.
The results in this table meet this criterion, meaning that each variable is unique and does not
overlap with other variables. In other words, agrotechnology innovation, human resource quality,
capital investment, productivity, and profitability are truly distinct constructs and are measured
separately in this research model.

2. Structural Model Evaluation (Inner Model)
a. Path Coefficients and Significance
Table 7. Direct Hypothesis Results

Agrotechnology  Innovation  (X;) — 0.342 4.876 0.000 Significant
Productivity (M) (H, accepted)
Human Resource Quality (X;) — 0.298 3.912 0.001 Significant
Productivity (M) (H, accepted)
Capital Investment (X5) — Productivity (M) 0.276 3.245 0.003 Significant
(Hs accepted)
Productivity (M) — Profitability (Y) 0.481 6.128 0.000 Significant
(H4 accepted)
Agrotechnology  Innovation  (X;) — 0.185 2.104 0.036 Significant
Profitability (Y) (direct effect)
Human Resource Quality (X;) — 0.112 1.452 0.147 Not
Profitability (Y) significant
Capital Investment (X;) — Profitability (Y) 0.098 1.321 0.187 Not
significant

Source: processed data (2025)

This table reveals the magnitude of influence and significance of the relationship between
variables in the structural model. The results show that agrotechnology innovation, human resource
quality, and capital investment significantly affect productivity, with p-values below 0.05. Additionally,
productivity also significantly affects profitability. However, only agrotechnology innovation has a
direct significant influence on profitability, while human resource quality and capital investment do
not. This indicates that productivity acts as a strong mediator in this relationship.
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b. Coefficient of Determination (R2)
Table 8. Coefficient of Determination

Productivity (M) 0.627 The model explains 62.7% of the variance

Profitability (Y) 0.589 The model explains 58.9% of the variance

Source: processed data (2025)

The R2 value in this table shows the proportion of variance in the dependent variables
(productivity and profitability) that can be explained by the independent variables in the model. The
R? value of 0.627 for productivity and 0.589 for profitability falls into the moderate to strong
category, meaning that the model can explain approximately 62.7% of the variance in productivity
and 58.9% of the variance in profitability. This indicates that the model built has good predictive
power and is relevant for analysing the phenomenon under study.

3. Mediation Analysis (Sobel Test)
Table 9. Indirect hypothesis test results

Agrotechnology  Innovation (X;) — 0.164 3.872 0.000  Full mediation (Hs
Productivity (M) — Profitability (Y) accepted)

Human Resource Quality (X;) — 0.143 3.451 0.001 Partial mediation
Productivity (M) — Profitability (Y)

Capital Investment (X3) — Productivity (M) 0.133 3.210 0.002 Partial mediation

— Profitability (Y)

Source: processed data (2025)

This table confirms the role of productivity as a mediator. The Sobel Test results show that
productivity fully mediates the relationship between agrotechnological innovation and profitability
(because the direct effect becomes insignificant after the mediator is included). Meanwhile,
productivity only partially mediates the relationship between human resource quality and capital
investment with profitability, because its direct effect (although insignificant) still remains. These
findings confirm that increased profitability is highly dependent on increased productivity as the
primary mediator.

4. Goodness of Fit (GoF)
Tabel 10. Goodness of Fit (GoF)

SRMR 0.052 <0.08 Good model fit
NFI 0.928 >0.90 Very good model fit

Source: processed data (2025)

The Goodness of Fit (GoF) table is used to evaluate the overall suitability of the model. The
SRMR (Standardised Root Mean Square Residual) value of 0.052 (below the threshold of 0.08) and
the NFI (Normed Fit Index) value of 0.928 (above 0.90) indicate that this model has a very good level
of fit with the empirical data. In other words, the SEM-PLS model constructed not only meets
statistical criteria but is also theoretically relevant for explaining the relationships between variables
in the context of PT. TSB.
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DISCUSSION

The results of the study indicate that productivity fully mediates the relationship between
agrotechnological innovation and profitability, as evidenced by the insignificant direct effect after
the mediator is introduced. This suggests that agrotechnological innovation does not directly
increase profitability but must first increase productivity. This finding is consistent with the research
by Adnan et al. (2021), who found that modern agricultural innovations only have a significant
impact on profits when implemented alongside improvements in production efficiency. Therefore,
PT. TSB must ensure that the adoption of agricultural technology is followed by the optimisation of
production processes to achieve maximum results

Meanwhile, productivity only partially mediates the relationship between human resource
quality and capital investment with profitability, as the direct influence of these two variables
remains, albeit not significantly. This means that, in addition to productivity, human resource quality
and capital investment may have other pathways that influence profitability, such as improving
product quality or reducing operational costs. Li et al. (2020) supports this finding by showing that
human resource training not only increases output but also strengthens business management,
contributing to profitability. However, the role of productivity remains dominant as the primary
mediator.

This finding reinforces that productivity is a critical factor in improving the profitability of
agribusiness companies. Similar results were found by Zhang and Wang (2019) in Chinese
agricultural companies, where productivity serves as a bridge between inputs (such as technology
and capital) and profits. This indicates that without productivity improvements, investments in
innovation or human resources will not yield optimal results. Therefore, PT. TSB management
should focus on strategies that promote production efficiency, such as the use of precision
agricultural tools or performance-based employee training.

On the other hand, the insignificance of the direct impact of agrotechnology innovation on
profitability after mediation indicates that technology alone is insufficient without proper
implementation. Research by Kumar et al. (2022) states that many agrotechnology companies fail to
increase profits due to employees' lack of adaptation to new technologies. Therefore, companies
must ensure that adopted innovations align with operational capacity and are supported by
competent human resources.

Regarding capital investment, although it has a weak direct impact, its role in supporting
productivity cannot be overlooked. Research by Suryanto et al. (2023) shows that modernising
machinery and agricultural infrastructure significantly increases output, ultimately driving
profitability. Therefore, PT. TSB should strategically allocate capital, such as purchasing energy-
efficient equipment or expanding land, to maximise productivity.

These findings also suggest that human resource quality has a dual impact, both direct and
indirect, on profitability. Although its direct impact is not significant, investment in employee training
and development remains important to support technological adaptation and efficient operations.
Research by Osei et al. (2021) confirms that companies with trained human resources tend to have
higher productivity and profitability in the long term.

In conclusion, productivity plays a key mediating role in enhancing PT. TSB's profitability,
particularly in the context of agrotechnology innovation. Meanwhile, for human resource quality and
capital investment, productivity functions as a partial mediator, indicating the presence of other
mechanisms that can be explored in future research. Practically, companies should prioritise
productivity improvement through a combination of technological innovation, human resource
training, and effective capital allocation to achieve sustainable profitability growth.

CONCLUSION
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This study confirms that productivity plays a central role in linking agrotechnological
innovation, human resource quality, and capital investment with profitability at PT. TSB. Productivity
acts as a full mediator in the relationship between agrotechnological innovation and profitability,
indicating that the use of agricultural technology is only effective in increasing profits if it can drive
production efficiency. Meanwhile, productivity partially mediates the relationship between human
resource quality and capital investment with profitability, indicating that these two factors still have
other influence pathways, albeit not significant. These findings emphasise that the company's
business strategy must focus on optimising productivity as the key to improving profitability.

PT. TSB must integrate agrotechnology innovation with human resource training and
appropriate capital allocation to maximise productivity. The company must ensure that technology
implementation is supported by skilled labour and adequate infrastructure to achieve higher output.
Additionally, investments in employee capacity development and modern equipment should be
directed toward creating more efficient production processes, thereby driving sustainable
profitability growth.

Overall, this study makes an important contribution to understanding the mediation
mechanism of productivity in the relationship between production factors and profitability in the
agribusiness sector. These findings are not only relevant for PT. TSB but can also serve as a
reference for similar companies in designing strategies to improve financial performance. For future
research, a more in-depth exploration of other mediator variables, such as product quality or supply
chain management, could provide a more holistic understanding of profitability dynamics in
agribusiness.
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Furthermore, the company needs to develop a comprehensive productivity monitoring
system through key performance indicators (KPIs) to identify areas for improvement in real-time.
This data-driven approach will enable management to make more accurate and responsive
decisions. Additionally, a holistic policy integration is required to create synergy between
technological innovation, human resource quality, and capital investment. For example, every new
machine procurement must be designed in tandem with operator training programmes and work
process adjustments. By implementing these strategies, PT. TSB can strengthen productivity as the
primary driver of profitability while ensuring the sustainability of future business growth.
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